The case to be reported is characterized by stenosis of the ostium infundibuli of the right ventricle and biventricular origin of the aorta. Certain of the anatomic features of the heart in this case are similar to those of the Eisenmenger complex. One difference between the two conditions is that in the case herewith reported subpulmonary (infundibular) stenosis existed, while in the Eisenmenger complex there is no anatomic barrier to pulmonary blood flow, either in the heart or great vessels. On these gross anatomic differences seem to depend the differences in structure of the intrapulmonary arteries in the two conditions.
ASIMILARITY to Eisenmenger complex was noted in certain of the anatomic features of the heart in the case herewith reported. These similarities, as well as the differences, were studied to explain the differences in structure of the intrapulmonary arteries in stenosis of the ostium infundibuli of the right ventricle and biventricular origin of the aorta, the condition described herein, and in Eisenmenger complex.
REPORT OF A CASE
Clinical Features. The patient, a man, age 47 years, who was a laborer, came to the 1Iayo Clinic on Jan. 20, 1920, because of hematuria, dysuria and frequency of six weeks' duration. Ten weeks prior to registration at the clinic, transitory pain in the left side of the abdomen, associated with hematuria, dysuria and frequency developed. Twenty years prior to this illness his family physician had told him that he had heart disease. The patient stated that eleven years previously he had had transitorv edema of the ankles. This evidently had not recurred.
When the patient registered at the clinic, physical examination revealed evidence of moderate cardiac enlargement. A murmur was heard over the cardiac apex and was associated with a precordial thrill. The legs were moderately edematous, and From the Mayo Foundation, Rochester, Minn. In part an abridgment of a portion of a thesis submitted by Dr. Civin to the Faculty of the Graduate School of the University of Minnesota in partial fulfillment of the requirements for the degree of Master of Science in Pathology.
there was moderate ascites. The blood pressure was 140/80. Cyanosis was not mentioned in the record. Rectal examination revealed a large mass in relation to the prostate. A cystogram showed a filling defect in the outline of the bladder consistent with that caused by a vesical neoplasm. Erythrocytes numbered 2,700,000 per cu. mm. of blood. The patient's general condition was precarious, and he died six days after registration, on Jan. 26, 1920. Pathologic Features. Necropsy revealed carcinoma of the bladder with extension to the prostate and metastasis to the liver. Of particular interest were the findings in the heart and the intrapulmonary arteries. The heart was moderately enlarged; it weighed 650 Gm. There was a large defect of the membranous portion of the ventricular septum measuring 2.5 cm. in greatest dimension. The aorta which was of normal caliber arose from the right and left ventricles above this defect ( fig. 1A ).
In the right ventricular outflow tract there was a fibrous diaphragm in the center of which there was an opening measuring 1.5 cm. in diameter. This membrane lay at a level above that of the ventricular septal defect and inferior to the pulmonary valve (figs. 1B and 2).
In this way the outflow portion of the right ventricle was divided into a substenotic portion and a subvalvular or suprastenotic portion ( fig. 1B ). The distance between the lowver portion of the pulmonary valve and the infundibular membrane was 4.0 cm.
The orifice of the pulmonary valve which led solely from the right ventricle was of normal caliber or slightly dilated, measuring 7.0 cm. in circumference. The pulmonary valve possessed three normal leaflets.
The wall of the left ventricle was hypertrophied, measuring 1.8 cm. in thickness. The wall of the right Circulation, Volume II, October, 1.9.50 545 PATHOLOGY OF PULMONARY VASCULAR TREE ventricle was hypertrophied in its inflow portion and in that part of the outflow tract below the infundibular diaphragm. In these regions it measured from 0.9 to 1.5 cm. in thickness. The outflow portion of the right ventricle above the fibrous diaphragm was noticeably thinner than the wall in the other portion of the right ventricle. The suprastenotic portion of the right ventricular wall measured 0.5 cm. in thickness. The lining of the suprastenotic portion of the right ventricle was irregularly thickened with fibrous tissue.
terioles were considered to l)e within the limits of normal ( fig. 3A ).
Were it not for the stenosis of the ostium infundibuli the anomalies in this case would fulfill the criteria for a diagnosis of Eisenmenger complex. The stenosis below the pulmonary valve was localized and seemed to be of such degree as to allow adequate flow of blood in the pulmonary system. This categorically removed The mitral, tricuspid and aortic valves and the coronary arteries were normal. The ductus arteriosus was closed.
Grossly the lungs exhibited moderate degrees of congestion and edema. Scattered small metastatic lesions from the carcinoma of the bladder were present in the peripheral portions and involved the adjacent visceral pleura. The major pulmonary amteries showed no gross abnormalities.
On microscopic examination of the lungs the gross findings were confirmed. It is of special interest that structurally the intrapulmonarX arteries and am~t he condition from designation as tetralogy of Fallot.
The case is an example of another condition variously called "stenosis of the infundibulum," "stenosis of the lower bulbar orifice of the infundibulum" or "stenosis of ostium infundibuli." The condition is characterized by a fibrous or fibromuscular localized stenosis of the outflow tract of the right ventricle.1 2, 3 In certain cases this condition may be associated with a closed ventricular septum and origin of the aorta entirely from the left ventricle.4 5 In other cases conditions are like the one which we have described in that a ventricular septal defect and biventricular origin of the aorta are associated. 6 The stenosis of the outflow tract in the case presented herein was associated with hypertrophy of the wall of the right ventricle below the stenosis. Above the stenosis the thickness of the wall of the right ventricle was within limits of normalcy. This suggests that while the pressure in the lower part of the right ventricle, that which communicated with the aorta, was elevated, the pressure above the stenotic membrane was of lesser magnitude. The presence of normal intrapulmonary arteries suggests that these vessels were protected by the presence of a stenotic membrane in the outflow tract of the right ventricle.
In order to support the opinion that the stenosis was beneficial to this patient who had biventricular origin of the aorta and so might be simulated surgically in the Eisenmenger complex, the following consideration of the anatomic and functional nature of the Eisenmenger complex is presented.
ANATOMIC AND FUNCTIONAL NATURE OF THE
EISENMENGER COMPLEX The Eisenmenger complex is characterized by the biventricular origin of the aorta above a membranous ventricular defect, or origin of the aorta entirely from the right ventricle, normal or dilated pulmonary arterial channel and hypertrophy of the right ventricle.7 Because the aorta arises partly or entirely from the right ventricle, there is the possibility of considerable pulmonary blood flow in association with deficient systemic blood flow. 8 Such an effect may in fact exist in those patients with the Eisenmenger complex who die at an early age. In patients who survive infancy, however, the evidence suggests that in spite of the gross vascular derangements, blood flow in the pulmonary system is only a little if at all excessive.9
In 5 cases of the Eisenmenger complex, Bing, Vandam and Gray'0 found that the volume of blood in the pulmonary capillaries was normal or nearly normal. This finding coupled with the presence of pulmonary hypertension led these investigators to conclude that in the Eisenmenger complex resistance to blood flow through the pulmonary vascular bed must be increased. These investigators also suggested that anatomic lesions of the pulmonary arterioles might exist to explain the results obtained in functional studies and stated that in preliminary pathologic studies this deduction seemed to be supported. Lagerlof and associates" also found pulmonary hypertension in the Eisenmenger complex and interpreted it as resulting from increased resistance to pulmonary flow.
The literature contains little on the microscopic appearance of the intrapulmonary vessels in the Eisenmenger complex. Stewart and Crawfordl2 in 1933 reported the case of a man 60 years old who had this malformation. They observed pulmonary vascular changes which they attributed to syphilitic infection. Though the changes in the larger pulmonary arteries may be the result of an infectious process, the appearance of the smaller arteries as illustrated ( fig. 3B) shows changes in structures which may be interpreted as being due to other circumstances.
In a case of Eisenmenger complex affecting a boy 11 years old, Old and Russell'3 found medial hypertrophy and intimal fibrosis of the small intrapulmonary arteries resulting in severe luminal narrowing. There were also acute inflammatory arterial changes but the latter are conceivably not related to the Eisenmenger complex.
We studied the pulmonary vessels in the case of Eisenmenger complex of a boy, 11 months old, reported by Dry and associates.'4 The small intrapulmonary arteries were characterized by thick muscular medias, thick collagenous adventitias and narrow lumina ( fig. 3C to G) . Unlike the observations made on older individuals by Stewart and Crawfordl2 and Old and Russell,'3 our young patient had no intimal fibrosis. The intrapulmonary arteries were considered abnormal for a child 11 months old ( fig. 2D ). These vessels, however, were like those in the lungs of normal fetuses and of infants dying in the first half year of postnatal life from causes other than cardiovascular disease. D. An initra.l)uliiioiiiNarv muscular artery ini a case of E",isenimeniger complex; patient was 11 months in the case of Stewart and Crawfordl2 and the noninflammatory changes in that of Old and Russell'3 are similar to those observed at the clinic in the smaller pulmonary arteries in cases in which aortic coarctation lies proximal to a patent ductus arteriosus.15 In the latter anomalous complex and in the Eisenmenger complex the function of the right ventricle is similar in that this ventricle supplies blood simultaneously to the pulmonary and systemic systems. Moreover, in this respect the function of the right ventricle is like that in the fetus as the blood ejected from this chamber flows partly to the lungs and partly through the ductus arteriosus into the aorta. '6, 17 We assume that in the normal fetus the distribution of blood from the right ventricle to the lungs on one hand, and to the systemic circulation on the other, is dependent in a measure at least on the state of the smaller pulmonary arterial vessels; that at the level of these vessels the resistance to flow is essentially like that in the systemic circulation. Were resistance to blood flow in the pulmonary vessels lower than resistance to flow in the systemic vessels, as is the normal adult condition, blood from the right ventricle would to a large measure, or completely, be distributed to the lungs. Little or no blood would flow through the ductus arteriosus into the aorta.
On the basis of existing evidence, we are of the opinion that the pulmonary vascular bed of patients with the Eisenmenger complex who survive infancy and who have reasonably wellfunctioning cardiovascular systems for a number of years, maintains its fetal function; that is, the resistance to flow through the pulmonary vascular bed continues equal to or nearly equal to the resistance to flow in systemic vessels. A similar interpretation of the postnatal functioning of the pulmonary vascular bed was expressed as likely in cases in which aortic coarctation lies proximal to a patent ductus arteriosus.J5 The medial hypertrophy of the smaller pulmonary arteries in association with coarctation of the aorta proximal to the patent ductus arteriosus and with the Eisenmenger complex, is interpreted as reflecting increased resistance to pulmonary blood flow. The medial hypertrophy also is interpreted as representing maintenance of a fetal type of pulmonary artery.
This anatomic state of the pulmonary vessels, in our opinion, need not be considered as representing an anomaly. On the contrary we consider it a part of a compensatory mechanism which permits the patient to remain alive. The individual with such a compensatory mechanism pays a price, however, since the mechanism as outlined has pulmonary hypertension as a component part. The intimal fibrous changes which may be present in the pulmonary vessels of older patients who have Eisenmenger complex cause further narrowing of the vessels. These seem to arise after medial changes are evident and are considered to be a reaction to the traumatic influence of existing pulmonary hypertension. Whereas the medial hypertrophic changes are associated with luminal narrowing of desirable and perhaps changing degree,8' 10 the intimal changes cause further and fixed narrowing of the lumen. The narrowing so caused may be of such degree as to increase the resistance to pulmonary blood flow above that to systemic flow. Such a development would cause a greater distribution of the right ventricof age. In contrast with the normal, C, the thick media is associated with a narrow lumen. (Verhoeff's elastic tissue stain counterstained with van Gieson's connective tissue stain, X300.) E. Small intrapulmonary artery in a case of Eisenmenger complex; child was 11 months of age. The media is thick and the lumen is narrow. The picture is like that in the normal newborn (see F) and in contrast to the picture at a later stage in development (G). (Verhoeff's elastic tissue stain counterstained with van Gieson's connective tissue stain, X450.) F. A normal small intrapulmonary muscular artery of an infant 4 days old. The media is thick and the lumen narrow. (Verhoeff's elastic tissue stain counterstained with van Gieson's connective tissue stain, X450.) G. A normal small intrapulmonary muscular artery of an infant 6 months of age. The picture is different from that in the newborn period (F) and from that in the Eisenmenger complex, (E). The media has become thin and the lumen wide. (Verhoeff's elastic tissue stain counterstained with van Gieson's connective tissue stain, X450.) ular blood to the aorta and a concomitant lessening in the volume of pulmonary blood flow.
It seems reasonable to speculate that the characteristic late appearance of cyanosis in cases of the Eisenmenger complex may be the result of such intimal changes. When the intimal changes develop in association with the Eisenmenger complex, the condition present is functionally comparable to that in tetralogy of Fallot. The intimal changes being in the smaller pulmonary arteries are, however, beyond reach of a by-passing operation as practised in the tetralogy of Fallot. It is evident from the foregoing that in the patient who has an Eisenmenger complex, the responsibility of regulating pulmonary and systemic blood flow seems to fall in part on the smaller pulmonary arterial vessels and that eventually this function causes irreparable changes in these. It would be desirable if in the Eisenmenger complex responsibility for regulating the distribution of right ventricular blood were removed from the intrapulmonary vessels in order to protect these from developing occlusive intimal changes.
COMMENT
The case of infundibular stenosis herein presented suggests a method for shifting the responsibility away from the vulnerable intrapulmonary vessels. It will be recalled that the heart in the case reported showed certain features of the Eisenmenger complex, namely the biventricular origin of the aorta above a ventricular septal defect, right ventricular hypertrophy, and absence of stenosis of the pulmonary valve or pulmonary trunk. There was one additional feature of importance in the form of localized stenosis of the outflow tract of the right ventricle at a level above that of the ventricular septal defect. Thus the right ventricle being in communication with the aorta undoubtedly maintained a high level of pressure but the pulmonary vessels and, presumably, the pulmonary blood pressure were normal. This interpretation gains some support from a case (case 2) recently reported by Dow and associates18 and by a patient studied at the Mayo Clinic by Drs. Willius, Dry and Wood. In Dow's case studies by cardiac catheteriza-tion revealed the pulmonary arterial pressure to be 33 mm. of mercury systolic and 14 diastolic. In the outflow portion of the right ventricle the pressures were 33 mm. systolic and 1 mm. diastolic, whereas in the main portion of the right ventricle the systolic pressure was 99 mm. Hg and the diastolic 1 mm. These findings suggested to the authors that there was stenosis of the ostium infundibuli rather than in the infundibulum itself or in the pulmonary valve.
Drs. Willius, Dry and Wood of the clinic studied in March, 1950, a patient 19 years old. Cardiac catheterization studies indicated that the malformation was like that in the case we have reported. In their patient, the systolic blood pressure in the right pulmonary artery and in the pulmonary trunk was 12 mm. of mercury and the diastolic pressure 3 mm. of mercury. In the outflow tract of the right ventricle, the pressure was 36 mm. systolic and 2 mm. diastolic. In the inflow part of the right ventricle, a systolic pressure of 118 mm. was recorded and the diastolic pressure was 3 mm. The catheter passsed from the right ventricle into the aorta and into the innominate artery. In the latter vessel the systolic pressure was 112 mm. of mercury and the diastolic, 83 mm. The blood in the right atrium was 77.7 per cent saturated with oxygen, that in the right ventricle 75 per cent saturated, and that in the innominate artery 92.5 per cent saturated.
We interpret the circumstance of the infundibular stenosis in our case as follows: The stenosis of the outflow tract was of such proportion as to create sufficient resistance for the right ventricle to supply blood to the aorta but at the same time wide enough to allow an adequate flow of blood to the lungs without stress on the intrapulmonary arteries. The stenosing membrane seems to have been responsible for a balanced circulation and at the same time a protection of the smaller pulmonary arteries.
The suggestion stimulated by the case presented is that in the Eisenmenger complex the eventual appearance of detrimental intimal changes in the intrapulmonary arteries can possibly be prevented and adequate pulmonary blood flow maintained by surgical creation of an appropriate degree of stenosis of the right ventricular outflow tract or pulmonary trunk ( fig. 4) . Such a procedure must be considered for the future. Experimental attempts at creating subpulmonary or pulmonary stenosis must first prove successful. Moreover, sufficient studies must be made on patients with the Eisenmenger complex to indicate what degree of pulmonary stenosis would be ideal in protecting the pulmonary vessels and at the same time in allowing adequate flow of blood to the lungs. In the Eisenmenger complex the intrapulmonary arteries show thickening of the walls and narrow lumina. In the case of stenosis of ostium infundibuli, b, the subpulmonary stenosis of the right ventricle seems to have spared the intrapulmonary arteries from organic changes.
SUMMARY
In the case of a 47 year old laborer with a normal pulmonary artery, ventricular septal defect, biventricular origin of the aorta and subpulmonary (infundibular) stenosis of the outflow tract of the right ventricle, the intrapulmonary arteries and arterioles were normal.
In the Eisenmenger complex the intrapulmonary arteries are characterized by medial hypertrophy and, ultimately, intimal fibrosis. The stenosing membrane in the right ventricular outflow tract of the case presented herewith seems to have prevented the formation of organic changes in the intrapulmonary arteries.
